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Planningfor SectorsandProjectsin
DevelopingCountries:Applicationsof the
Semi-Input-OutputMethod1
ARIE KUYVENHOYEN*
This article presentsa specialcaseof W. Leontief's traditionalinput-
output techniques,viz., J. Tinbergen'ssemi-input-outputmethod. Particular-
ly suitablefor planningpurposesin developingcountrieswith openeconomies,
the methodemphasizesthe role of a country'scomparativeadvantagesfor
investmentdecisionsat both the sectorand project level. The similarity
of semi-input-outputwith the Little-Mirrleesmethodof shadowpricingis
shown.Empiricalapplicationsfor Nigeriaarereviewed.
I. INTRODUCTION
Inter-industryor input-outputanalysisis bei.I1gincreasinglyappliedasan
importanttechniqueusedin manydevelopingcountriesin both industrialand
economy-wideplanning.Asa result,avarietyof modelsmeantforplanningatthe
sectorlevelhavebeendevelopedin whichintersectorallinkagesbasedon input-
outputrelationsfigureprominently.In thisarticleaspecialcaseof W.Leontiefs
traditionalinput-outputtechniqueswillbepresented,viz.J. Tinbergen'ssemi-input-
outputmethod.Particularlysuitablefor planningpurposesin LDCswith open
economies,themethodemphasizestheroleof acountry'scomparativeadvantages
for investmentdecisions.Themethodis typicallyrelevantfor exanteresource-
allocationdecisionsconcerningthecreationofnewcapacityandcanbeappropriate-
ly appliedatboththesectorlevelandprojectlevelofplanning.
The specialcharacterof the semi-input-outputmethodderivesfromthe
distinctionbetweeninternationalndnationalsectors,a distinctionbasedon the
mobilityof commoditiesproduced,andsimilarto I.M.D.Little'sdistinctionbetween
tradeableandnon-tradeablegoods.Whereasin traditionalinput-outputanalysisthe
calculationof indirecteffectsis basedon existingintersectorallinkages,thesemi-
input-outputmethodconfinesindirectproductioneffectsto thosesectorswhere
*The authoris associatedwith theErasmusUniversity,Rotterdam,andtheNetherlands
EconomicInstitute.
IThis articleis arevisedandextendedversionof anearlierpaper[6]. It is partlybasedon
theauthor'sbook [7] to whichthereaderisreferredfor amoredetailedanalysisandapplication
of themethod.
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input-outputmethodconfinesindirectproductioneffectsto thosesectorswhere
theynecessarilyoccur,viz. thenationalsectors.In thesesectors,non-tradeable
goodsareto beproducedomesticallybecauseno alternativesourceof supplyis
available.By contrast,demandfor internationalgoodscaninprinciplebemetfrom
internationaltrade,andinput-outputrelationsbetweeninternationalsectorsare
thereforenotconsideredrelevantforproductionandinvestmentdecisions.It canbe
arguedthatindirecteffectsof capacityexpansionsin internationalctivitieshould
not includeassumedcapacityeffectsonotherinternationalsectors,thedesirability
ofwhichissubjecttoseparateinvestmentdecisions.
Beforethesemi-input-outputmethodis presentedselectedplanningtech-
niquesforsectorsandprojectsarereviewed.FollowingTinbergen,differentstagesin
developmentplanningareproposed,sectoralandprojectplanningaretreatedinmore
detail,andabriefattemptis madeto indicatehowpossibleinconsistenciesbetween
thesectorandprojectstagein theallocationofresourcescanberemoved.Thesemi-
input-outputmethoditselfis presentednext. Itsbasicconceptsarediscussedand
the planningimplicationscompared~ith otherapproachessuchasNurkse'sand
Hirschman's.Applicationsof themethodatthesectorlevelarediscussed,inpartic-
ulartheestimationof indirecteffectsandtheuseof linkagecriteria.Themajor
differenceswithLeontiefsinput-outputmodelarenumericallyillustrated.Applica-
tionsat theprojectstagearethengiven.Specialattentionis paidtotheestimation
of accountingpricesfor national,non-tradablegoodsandthesimilaritywiththe
LittlecMirrleesmethodof shadowpricingis shown. Thestudyconcludeswitha
reviewofempiricalapplicationsof themethodtoNigeria.
degreeof complexityto solveallproblemssimultaneously.Otherapproaches,while
acknowledginginterdependencies,haveconcentratedonwaysto simplifythecom-
plexquestionsin developmentplanningby dec')mposingthemintoseparatehough
not independentproblems.In thiscontext,Tinbergen[14] hasproposedto dis-
tinguisha numberof consecutivestagesin developmentplanningwhicharecharac-
terizedbyadifferentdegreeof aggregation,namely
(i) a macrostage,in whichthe developmentof the maineconomicand
financialaggregatesisdetermined;
a middlestage,in whichtheexpansionof differentindustriesandtheir
regionaldistributionis considered;if theregionalaspectis treatedsepa-
ratelythisstagecanbecalledthesectorstage;and
aprojectstage,inwhichinvestmentprojectsareselectedandtheirlocation
isdetermined.
(ii)
(iii)
II. PLANNINGFOR SECTORSANDPROJECTS
Dependingonthewaytheplanningprocessi organized,resultsforaparticular
stageshouldbe carefullycheckedagainsthoseof otherstages.Withtop-down
planningtheresultsof someof theprecedingstagesmayhaveto bereconsidered
in thelightof thefmdingsfor laterstages.As informationisusuallymuchmore
preciseat themicrostagesof planning,ampleopportunitiesfor feed-backintothe
moreaggregatestageswillhavetobeallowedfor. Throughiterationandreiteration
theformulationofaplancanthenbegraduallyimproved.2
In practicalplanningexercisestherelevanceof distinguishingseveralstagesin
theplanningprocesswill dependon a numberof factorssuchasthesizeof the
country,the locationof economicactivities,internationaltradingopportunities,
naturalendowments,pecialskills,economicsystemandinstitutions,natureand
characteristicsof projectsto bedeveloped,etc. Thus,in asmallandhomogeneous
countrytheremightbenoneedfor amiddlestageandplanningmaybeconfmedto
the macroand projectstage. In contrast,countrieswith a largeandspatially
dispersedmarketmayfind it usefulto workwithall stagesof planningto keep
matterscomprehensible.Similarly,if sectorsarefairlyhomogeneous,planningatthe
sectorandprojectlevelmaylargelycoincide;if not,asisoftenthecaseinagriculture
andmanufacturing,sectoralprioritiesandpoliciesaretypicallypreparedatamore
aggregate(sector)levelwhereasmostinvestmentdecisionsaretakenat themicro
level. Bothexamples,incidentally,pointto a majordichotomyin theplanning
process,viz. thebasicdifferencebetweentheprojectstageandotherstagesof
planning.If a projectis definedasthesmallesttechnicallyindependentunitof
production,theotherstagesarecharacterizedby differentdegreesofaggregationf
theveryunitsthatarethesubjectmatterof micro-economicanalysisattheproject
stage.
Developmentplanningcanbedefinedasthepreparationandco-ordinationof
medium-andlong-termeconomicpolicybythosegovernmenti stitutionsinvolved
in theformulation,implementationr executionof developmentpolicy.Thelatter
is supposedtoincludetheformulationof developmentobjectivesaswellastheselec-
tionof instrumentsof developmentpolicywhichgovernmentinstitutionsareable
andwillingto apply. Thechoiceof bothtargetsandinstrumentswill reflect,of
course,valuejudgementsmadeby policy-makers.Becausein mostLDCstheout-
comeof thedevelopmentprocessisnotexclusivelyefttothemarket,development
planningis,in onewayoranother,nowadaysappliedbyahostof countriesadhering
towidelyvaryingeconomicsystems.
As developmentplanningnormallydealswith a varietyof socio-economic
problemsinvolvinga fair numberof governmentinstitutions,economy-wide
developmentplanningcanbea complicatedmatter.Therecognitionof thelatter
hasled to differentapproachestowardsthekindof modelsto bedesignedfor the
planningof economicdevelopment.Oneapproachis to fully acceptheinter-
dependenceof variousproblemsandto usedetailedmathematicalmodelsof ahigh
2Little andMirrlees[10,Ch. 6] givea vividdescriptionof theinteractionbetweenaggre-
gateplansandprojects.Seealso[16,Chaps.1& 11].
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SectoralPlanning
At eachstageof theplanningprocess,specialtechniquesareemployedto
analysethecorrespondingplanningproblems.At thesectoralstage,in whichthe
mainproblemistodeterminewhichindustriesshouldbedevelopedorexpanded,and
to whatextent,interindustryanalysisiswidelyrecognizedasa powerfulanalytical
planningtechnique.Overtheyears,a varietyof economy-widemulti-sectoral
modelshavebeendevelopedin whichinput-outputrelationsusuallyplayanimpor-
tantrole.Increasingexperiencewithsuchmodelshasledto agrowingsimilarityin
theirgeneralframeworkenablingroutineapplicationsonafairlylargescale[4;13J.
Withoutsuchmodels,it seemshardlypossibletoestimatechangesin thecomposition
of demand,in the sectoraldistributionof productionandinvestment,andin a
country'stradepatternin a consistentway,i.e.avoidingshortagesin somesectors
andsurplusesin others.Moreover,equirementsof intersectoralconsistencyin the
presenceof non-substitutabilitybetweensectorsoftenputadditionalconstraintson
therateofgrowthofaneconomy,causinganupwardbiasinestimatesobtainedwith
moreaggregativemethods.Finally,theuseof aninput-outputframeworkoffersa
usefulbasisfor discussionbetweenprojector sectorspecialistsandthoseconcerned
withmacro-economicanalysisandplanning[13,p.42].
At thesametime,however,thereis agrowingawarenessof thelimitationsof
theresultsof empiricalapplicationsto LDCs,bothwithregardto thesectorlevel
itselfaswellasotherlevelsofplanning.Stabilityof thestructuralcoefficientsposes
a firstproblem.Input-output,capital-outputandlabourcoefficientsarenormally
estimatedonthebasisof datafromsomerecentperiod. The inevitabletime-lag
betweenthelastperiodofobservationandtheperiodtowhichtheplanningexercise
refersbecomesa majorcausefor concernin thosecountrieswheremorethan
marginaladditionsto existingindustriesandrapidchangesin technologymayvery
wellaffecthestabilityof inputcoefficients.
A secondmajorproblemconcernsthehomogeneityof thesectorsdistin-
guished,andis closelyrelatedto theaggregationproblem.Tli.eoretically,thebasis
for aggregatingcommoditiesi eithersimilarityin inputstructuroroutputpropor-
tionality.Whenthousandsof commoaitiesareaggregatedintoa limitednumberof
sectors,it is anempiricalmatterwhetherthoserequirementsarereasonablymet.
Severalempiricalstudiesuggest,however,thatattheusualevelof aggregationin
input-outputanalysis,heterogeneityof sectorsmightbesuchthatthevariancein
economicharacteristicsamongcommoditieswithinthesamesectoris largerthan
amongsectorsthemselves.
Anothersetof problemsariseswhenmultisectoralmodelsarespecifiedas
linearprogrammingmodels.FollowingTaylor[13,p.59], thestructureofapplied
planningmodelsof thiskind canusuallybe characterisedby threekindsof re-
strictions.First,therearethereallimitationson economicgrowthposedby the
availabilityofprimaryfactorsofproduction,foreignexchange,andtheinput-output
balances.A secondtypeof constraintis meanto reflect'importantbutnotwell-
understoodlimitationson growth'whicharepartlyof a non-economicnature
(absorptivecapacityconstraints,minimumconsumptionandemploymentrequire-
ments,protection,etc.). Thirdly,adhoc restrictionsareincludedto avoidover-
specializationi foreigntradeandotherformsof extremebehaviourimpliedby
linearsystems.Giventhenatureof therestrictionsof thesecondandthirdtype,the
usefulnessof suchplanningmodelsliesprimarilyin theirindicationofbroadareasof
sectoralchoiceratherthaninexactoptimalsolutionsforthedevelopmentofsectors.
Similarqualificationsapplyto thedualsolution.Asa resultof modelspeci-
fication,smallchangesin theprimalmaycauselargeanddiscontinuouschangesin
thedual.Thedualofanoptimizingmodelof thiskindshouldthereforeprimarilybe
usedto checkthestructureof themodelandthenatureof theprimalsolution.Any
additionalclaimsuchastheirinterpretationasaccountingpricesforprojectapprais-
al or theirassociationwitha competitivequilibriumseemtoo ambitiousat the
presentstateof theart[3;11].
Giventhesecriticisms,thequestionobviouslyarisesabouttheroleeconomy-
wide multisectoralmodelscanactuallyplay in the planningprocess. Before
answeringthisquestionit shouldbeemphasizedthatthefirsttwo criticismsare
partlyof anempiricalnature,i.e.,theirrelevancecanonlybejudgedin aspecific
case,whereastheotherobjectionspointto theoreticallimitationswhicharebound
to influencetheresultsin anycase.If, forwhateverreason,theempiricalnatureof
thefirsttwoobjectionsi bypassed,onearrivesataminimumpositionwithregardto
theroleof multisectoralmodels.of whichtheviewsas expressedin Littleand
Mirrlees[10]areagoodexample.In theiropinion,theplanningprocessi character-
izedby theinteractionof macro-economicplanningbasedonaggregateanalysisand
micro-economicplanningat the sectoral(if thereexisteconomiesof scale)and
projectlevelusingpartialanalysis.Withmoreandbetterinformationcomingup
fromindividualprojects,tentativestimatesof thedevelopmentof economicaggre-
gatescanbeimproved,which,in turn,shouldpermitimprovementi projectanalysis
andappraisal.
Whilecorrectlyemphasizingtheimportanceof projectanalysisin theprocess
of planning,this,positionclearlyunderestimatestheorganizationalndanalytical
difficultiesof arrivingatanoptimumorevenconsistentplanonthebasisofproject
dataandpartialanalysisalone.Traditionalinput-outputechniques,for example,
providefor intersectQralconsistency,enablethe derivationof an implicitprice
system,andcanbea startingpointfor linkingmacroandmicroresults.Disaggre-
gationof heterogeneoussectorsandupdatingor replacingoriginalinputdatamay
successfullyremedysomeof theempiricalshortcomingsof applyinginput-output
techniquesinLDCs.
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ProjectPlanning
Theprojectstageof planning,in whichinvestmentprojectsareidentified,pre-
paredandappraised,showsthatprojectplanningcangenerallybe consideredthe
mostconcretestageofplanning.Thedegreeofdetailandqualityof thedatausually
enablesamuchmorepreciseanalysisthanat theprevioustagesofplanning.Thus,
theappraisalof projectscanbebasedon criteriathatreflecttheobjectivesof de-
velopmentpolicy,all relevantscarcefactors,andtakeaccountof particularcondi-
tionsof application.Whenthenumberof projectsappraisedin thiswaytakesupa
significantpartof the investableresources,ystematicprojectplanninghastwo
importantimplicationsfor thesectorstage:(i) it leadstoasubstantialimprovement
of theavailableinformationonsectoralcoefficients,and,hence,of theestimationof
effects,in particularindirector linkageeffects;and(ii) it enablesa refinementof
sectoralcriteriaof attractiveness,eitherbasedon partialanalysisor derivedfrom
economy-widemulti-sectormodels. As a result,theconsistencybetweenthe
outcomeofplanningexercisesatthesectoralandprojectlevelcanbeimproved.
Onceacceptedandimplemented,a projectincreasesthesupplyofoutputsby
usinga specificombinationof inputswhichcouldhavebeenusedelsewhereinthe
economy.Withouttheproject,thedemandfor inputsandthesupplyof outputs
wouldhavebeendifferentin therestof theeconomy.By comparingthediffer-
encesbetweena situationwith andwithouttheproject,thebenefitsandcosts
associatedwiththeprojectcaninprinciplebeidentified,onthebasisofwhichit can
bedecidedwhethertheproposeduseof resourcesi justifiedornot. Twostepscan
usuallybedistinguishedin thisprocedure:(i)estimatingthechangesintheeconomy
causedby aparticularproject(theeffectsof theproject);and(ii) consideringwhat
thesechangesareworth(to theinvestor,thegovernment,socialgroups)bycompar-
ingthemwithalternativechangesthatwouldhaveoccurredin therestof theecon-
omywithouttheproposedproject.
Directeffectsof a projectaredefinedto referto thephysicalinputsand
outputsof theprojectandfollowasa rulefromtheproject'stechnicalcharacteris-
tics. Oiherimportantconsequencesofaprojectfortherestof theeconomyinclude
thenecessarydomesticadjustmentsonthesupplyside(indirector linkage ffects),
effectswhichrepresenta benefitor costfor thesocietybutnotnecessarilyfor the
project(externaleffects),priceeffects,anddistributionaleffects.
Generally,thevaluationof relevantprojecteffectsis notanunambiguous
matterbutdependsontheobjectivesandconstraintsof decision-makersandsocial
groupsconcerned.For aprofit-maximisingprivateinvestortheactualor expected
receiptsandexpendituresresultingfromaprojectaretherelevantbenefitsandcosts,
implyingthevaluationof projecteffectsatactualor expectedmarketprices.For
nationalplanningpurposes,however,thevaluationof projecteffectshouldreflect
theultimatecontributionto or detractionfromthesociety'sobjectives.In develop-
ingcountries,marketpricescanusuallynotbeexpectedtoreflectrueorrealproject
I
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costsandbenefitstosociety,becausetheyoftenresultfromhighlydistortedmarkets
in whichsociety'sobjectivesareatbestpartlyreflected.Instead,asetofaccounting
priceswill normallyhaveto beestimated,indicatingtherealcostsof inputsandthe
realbenefitsof outputsto societyincluding,whennecessary,the distributional
aspectsmentionedabove.
In thisconnection,it issometimesarguedthattheintroductionofotherthan
directeffectsin theappraisalndselectionof projectscanbetakenasasubstitute
for theuseof factoraccountingprices.Thisposition,asshownby Balassa[1] for
thecaseof the'effects'methodof ProuandChervel,appearsincorrect.If markets
areperfectlycompetitive,all factorsofproductionarefullyutilised,projectchanges
aremarginalandnotsubjecto increasingreturns,noexternaleffectsoccur,andthe
governmentis indifferentasto whomprojectincomeaccruesandhowit is spent,
actualprojectreceiptsandexpenditurescanbeexpectedtomeasurethetruebenefits
andcoststo society. Undertheseassumptions,theproject'sdirectnetbenefits
(profits)asmeasuredthroughmarketpricesarea correctindicationof thegainto
society,~ndotherthandirecteffects,if theyoccuratall,neednotbeconsidered
becausetheycanbethoughtobeproperlyreflectedin theprevailingmarketprices.
If marketsfor commoditiesandfactorsareseriouslydistorted,marketpricescannot
beconsidereda goodindicatorof aproject'sgaintosocietyandwill fail to reflect
thefull consequencesof aproject.For nationalplanningpurposes,a correctiveset
of accountingpriceswill thereforehaveto besubstitutedfor theprevailingmarket
prices.It is importantto realizethatsuchpricesdonotrepresentequilibriumprices
rulingin a distortion-freeeconomy,butrelatetoasituationinwhichdistortionsare
likelytopersist.
It shouldbeemphasizedthatthecalculationof projecteffectsisindependent
of theuseofaccountingprices.Thelatterpartlydependonvaluejudgementsonthe
sideof thegovernmentaswellasresourceandpolicyconstraintsjudgedto berele-
vantwhicharenot necessarilyreflectedin thecalculationof otherthandirect
effects.Theinclusionof thoseeffectsinprojectappraisalcanthereforenotbetaken
asasubstituteforusingaccountingprices.Ontheotherhand,dependingontheway
accountingpricesareactuallyestimated,it cannotbeexcludedthattheysubstitilte
forsomeof theindirectandothereffects.
ConsistencyConsiderations
A comparisonof themethodsof sectoralandprojectanalysisdescribedabove
showsthatpossibleinconsistenciesn theallocationof resourcesmainlyarisefrom
two partlyinterrelatedsources:(i) theuseof differentsetsof accountingprices,
. reflectingin partpolicyconstraintsandobjectivesjudgedto berelevantby policy-
makers;and(ii) thedifferentnumberof scarceresourcesdistinguished.To reduce
suchinconsistenciesapplyas muchas possiblethesamesystemfor determining
accountingpricesat theprojectandat thesectorstage.To thiseffect,theprice
modelswhichunderlierecentmethodsof projectappraisal[9; 10;12;IQ; 17] can
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serveasasuitablepointofdepartureforaccountingpricedeterminationatthesector
level. As a firstapproach,input-outputflowsandcorrespondingstructuralcoeffi-
cientscanthenberevaluedby expressingthemin newunitsof measurementbased
onestimatedaccauntingprices.
As ta thesecondsaurceof inconsistencies,thenumber.ofprimaryresaurces
distinguishedat thesectorlevelisusuallysmallerthanattheprajectlevelwhere,in
principle,all primaryfactorsintaa projectshauldbeappropriatelycasted.As the
nan-distinguishedprimaryfactarsareimplicitlyvaluedata zeroaccauntingprice,
thenetbenefitsidentifiedat thesectorlevelmightdifferfromthaseat theproject
level.When,for example,benefitsat thesectarlevelaredefinedasthecantributian
to natianalincame,and,at thesametime,ameasure.ofsacialincame.orprofitis
definedasthenetbenefitat theprajectlevel,incansistenciesarebaundtaarise.In
thiscase,sectaralbenefitshauldberefarmulatedasmuchaspossiblein termsof
sacialincameor sacialprafitin theLittle-MirrleesorUNIDOsenseinstead.ofusing
sectoralvalueadded.In thisapproach,accauntingpricesfar primaryfactarsderive
in principlefroma generalequilibriumframework(althoughtheactualestimatian
procedureincludesanumber.ofshartcuts).
Ul. THESEMI-INPUT-OUTPUTMETHOD
regianalandlacalgaads)needtabedistinguished,adistinctianwhich,inthisspecial
case,caincideswiththe.onebetweentradeableandnan-tradeablegaadsasintra-
ducedbyI. M. D.Little.
In traditianalinput-.outputanalysisthecalculatian.ofindirecteffectsisbased
an existingintersectarallinkages.Withthesemi-input-autputmethad,hawever,
indirecteffectsarecanfinedtathasesectarswheretheynecessarilyandunavaidably
.occur,viz. betweenthenationalsectars.Lackinganyalternativesaurce.ofsupply,
thepraductian.ofnatianalgaadsmustbeexpandedin accardancewithincreased
demand,which,taa largeextent,iscausedbypraductianexpansiansin theinterna-
tianalsectarsaswillbeshawnbelaw.
Changesin demandfar internatianalgaadscanin principlebebalancedby
internatianaltrade,andinput-autputrelatiansbetweeninternationalsectarsare
therefarenotcansideredrelevantfar praductianandinvestmentdecisians- farthe
simplereasanthatthemerepresence.ofdamesticdemandfarinternatianalpraducts
is nata sufficientcanditianta createpraductivecapacity(asit is in thecase.of
natianalgaads).Thedecisiantaexpandaninternatianalsectorshauldbebasedana
cauntry'sprimaryresaurces(determiningitscamparativeadvantagesin international
trade)andits'develapment.objectives.Indirecteffects.ofsuchacapacityexpansian
shauldnat includeassumedcapacityeffectsan atherinternatianalsectars,the
desirability.ofwhichis subjecta separateinvestmentdecisians.Includingthese
assumedcapacityeffectswauldimplythatdifferentinvestmentdecisiansaremixed
up.
A particularmethad.ofdevelapmentplanningatthesectorandprojectlevelis
thesemi-input-outputmethod Introducedby Tinbergenin theearly1960s,the
methadaimsatsalvingtheclaselylelatedproblems.ofefficiencyinproductionand
internatianaltradethraughtherightchaice.ofsectarsandprojectstobedevelaped,
Particularlysuitablefarthasedevelapingcauntrieswith.openecanamies,themethod
explicitlyemphasizestheraleof acauntry'scomparativeadvantagesfarinvestment
decisians.Thraughappropriateshadawpricing,theinternatianalcampetitivenessof
newactivitiesi broughtintatheplanningprocessfromtheverybeginning.
As the namesuggests,thesemi-input-autputmethadcanbecansidereda
specialcase.ofW.Leantiefstraditianalinput-autputechniques.Itsspecialcharac-
terderivesframthedistinctianbetweeni ternationalndnatianalsectors,adistinc-
tianbasedan themabilityor transpartabilityof thecammaditiesproduced.The
distinctianderivesfram theassumptiantllatfar eachgaada spatialunitcanbe
definedwithinwhichthegaadcanbecansideredmabilebecauseitstranspartation
castsarenegligible,and.outsidewhichit canberegardedasimmabilebecausetrans-
partatiancastswauldbeprahibitive.
It fallawsthatthetradeability.ofagaodcannowbedefinedinrelationtathe
largestspatialunitfarwhichthegaadcanstillberegardedasmabile.Dependingan
the natureandsize.ofthespatialunits,gaadsmaythereforebeappraximately
classifiedaslacal,regianal,natianalorinternatianal.Gaodsforwhichtranspartatian
castsneverbecameprahibitivecanbedefinedasinternatianalgaads.Canfining
.ourselvesta natianalecanamies,.onlyinternatianalndnatianalgaads(including
Empirically,therelativeimpartance.ofnatianalsectarscanbeshawntabe
cansiderable.Far selectedcauntries.oftheEurapeanCammunity55- 65percent
.ofvalueaddedand47- 54percent.of.output.originatesin thenatianalsectars.Far
selectedevelapingcauntriestherelativeshareshawamuchwidervariatian,mainly
dependingantheimportance.ofagricultureandmining:33- 64percentfar value
added,and34 - 54 percentfar .output.Cambiningtheseresults hawsthatthe
relativeshare.ofnatianalactivitiesapparentlyassumesamaximumvalue.ofabaut65
percent.ofaggregateincameand55percent.ofaggregate.output.Substantiallylawer
values.obtainfarcauntrieswithahighrelativeshare.ofprimaryactivities.
A'SimpleMuItisectoraiModel
Ta illustratethesemi-input-autputmethadandtafacilitateacamparisanwith
athermethads.ofdevelapmentplanning,we startautframasimpleinput-autput
systemin whichN sectorsaredistinguished.Thecarrespandingbalancequatians
canbewrittenas
XN=~N xN+jN +fN +eN (1).
vectorof increasesinoutputinN sectorsduringaplanningperiod,
vectorof increasesinsectoraldeliveriesof capitalgoods,
vectorofchangesinsectoralexportsminusimports,
vectorof increasesin sectoralfinaldemandotherthanfor invest-
mentandexportgoods,and
matrixof technicalinput-outputcoefficients,element0:..(i =J.=1J
1, . . . . , N) denotescurrentinputof goodi perunitof outputof
sectorj.
Eq.(1) showsthat aparticularcommodityi canbeusedforintermediatepurposes,
Le. for deliveriesof inputsintocurrentproductionof allsectors,andfor finalpur-
poses.Intermediatedemandis determinedby technicalinput-outputcoefficients
0:..andthechangein thelevelof outputof allproductivesectorsx.. Thus,total
1J N J
intermediatedemandfor commodityi addsup to ~ 0:..x.units.Theincreasein
j=1 1J J
finaldemandotherthanfor investmentandexportpurposesi consideredexoge-
nous.As thesumof thechangesinthedifferentusestowhichacommoditycanbe
putequalsthechangein domesticandforeignsupply,thetradevariablese.actasa
balancingitemoncethechangesinsectoraloutputx.areknown.Whenposihvethey
areusedto meetforeigndemandfor commodity1,whennegativetheyrepresent
additionalforeignsupply(imports)tosupplementdomesticsupply.
Assumingthatthereis no generalexcesscapacityat thebeginningof the
planningperiod,increasesin outputwill requirecapacityexpansionsof whichthe
correspondingincreaseindemandforvariouscapitalgoodscanbedescribedas
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jN
eN
fN
A =
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Substitutingeq.(2)intoeq.(1)gives
= x =H x -j N +fN +eN NN NoN
(3)
=
= H =A +hK
NN NN NN
showingthatdeliverieson both.currentandcapitalaccounthavebeenaddedin a
singleparameter11..=0:..+h"..,
Wenowint~oduc~theJIstinctionbetweeninternationalndnationalsectors
by splittingtheN productivesectorsintoFinternationalandD nationalsectors
(F + D =N). Asaresult,eqs.(1)and(2)canbereformulatedbypartitioningthem
intoaninternationalndanationalpart,enablingeq.(3)toberewrittenas
where
XF =H x +H x - j F +f +eFF F FD D 0 F F
(4)
and
(5)X
D
=HDF XF +H x -.r D +f. DD D 0 D
Characteristically,notradevariablesappearin thebalancequationsforthenational
sectors,andthegeneralsolutionfor theincreasesin outputof thenationalsectors,
includingthecomplementaryindirectproductiopeffectson thenationalsectors
causedby plannedproductionexpansionsxF in theinternationalsectors,canbe
foundbysolvingeq.(5):
jN =h KNN xN -JoN
matrixof partialcapital-outputratios,element".. (i =j = I, . . .,
N)denotesinvestmentofgoodi perunitoutputofsectorj,
capitalstock-flowconversionfactor,and
vectorof thelevelof sectoraldeliveriesof investmentgoodsfrom
existingcapacityatthebeginningof theplanningperiod.
Investmenteq.(2)showsthataproductionexpansionx.will requiredifferentcapital
goodsi-asindicatedby thepartialcapital-outputrati6s"'.' Thetotaldemandfor
N 1J
capitalgoodi will thereforeamounto ~ ".. x" whichwill bemetfromexisting
- j=1 1J J
capacityto theextentindicatedbyJ . aswellasfromincrementsincapacityduring01
theplanningperiodenablingthesupplyof anadditionalamountj.. Thecumulated1
annualinvestmentflowsrequiredfor the increasein outputduringtheplanning
periodarerelatedto thelevelof terminalyearinvestmenth =Jo +j througha
uniformstock-flowconversionfactorh.
where
~N=
h
joN -
(2) -1 -
x =(I - H ) (H x - J' + f )D DD DD - DF F oD' D
Noticethat in the nationalinvestmentgoodssectors(in whichJ . >0) total. . 01
productioneffectsexceedtotalcapacityeffectsby
(IDD - H )- 1f units.DD oD
(6)
=
For a particularcapacityexpansionx in internationalsectore,thecapacitye
effectonthenationalsectorswillbedefinedasthemarginalincreaseincapacityxDe
complementaryto theplannedincreaseincapacityx . It followsthendirectlyfrome
eq.(6)that
x - (I - H ) -1.,., xD,e- DD DD "D,e e
where11 is thee-thcolumnof sub-matrixH of nationalinputsinto inter-
D,e . DEnationalsectors.As thereis noalternativesourceof supplyforthenationalsectors,
anycapacityexpansioni aninternationalsectorentailsanumberof complementary
productioneffectson theD nationalsectors,causedby thedemandfor national
(7)
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Planningbnplications
Turningto theplanningimplicationsof thesemi-input-outputmethod,the
modelpresentedabove,thoughhighlysimplified,servesto illustratetwoimportant
implicationsof themethod.
(1) Lackinganyalternativesourceof supply,theproductionof thenational
sectorsmustbeexpandedin accordancewithincreasedemand,whichis,toa
largeextent,causedby the capacityexpansionsin internationalsectors.
Hence,planningof nationalsectorshouldbebasedondemandforecastsand
costeffectivenessif alternativet chniquesareavailable.
(2) Input-outputrelationsbetweeninternationalsectorsarenotconsidered
relevantfor productiondecisionsaslongasit is possibleto meetadditional
demandfor internationalproductsfromimports.Underasystemof perfect
foreigntrade,thedecisionto expandaninternationalsectorshouldbebased
on considerationswithregardto a country'sprimaryresourcesanddevelop-
mentgoalsasreflectedin thecorrespondingbunchesof activities.Withthe
possibilityof internationaltrade,themerepresenceof domesticdemandfor
internationalproductscanneverbe a justificationfor.creatingproductive
capacity,asit isinthecaseofnationalgoods.
growth'.Hence,asfarasthenationalsectorsareconcerned,Nurkse'srecommenda-
tion of balancedgrowthconceptuallyagreeswith thatof thesemi-input-output
method.
The impliedindependenceof the expansionof internationalsectorsof the
presenceof linkagesbetweenthemcontrastsharplywithHirschman'smodelof
economicdevelopment.In Hirschman'sview,thescarcestresourcein developing
countriesi decision-makingability,inparticularwithregardto investmentdecisions.
Theappropriatestrategytobefollowedin thiscasewouldbetoinducesuchdecisions
througha set of.mechanisms,of whichHirschmanemphasisestwo. First, the
establishmentof anactivitywhichrequiresubstantialmountsof fabricatedinter-
mediateinputsis assumedto induceinvestmentopportunitiesin thesectorsproduc-
ingtheseinputs.Becauseof thegrowingdemandfortheseinputs,theexpansionof
domesticproductionis expectedto beencouragedinordertosupplytheadditional
inputs.Hirschmancallsthiseffectthebackwardlinkage ffect;it canbemeasured
bytheratioofpurchasedintermediateinputsto thetotalcostofproduction.Second,
theoutputof thenewlyestablishedactivityis believedtoinduceproductionexpan-
sionsin thosesectorswhichusetheoutputsasinputsinothernew-activities.Thisis
theforwardlinkage ffect,measuredby theratioof intermediatedeliveriestototal
demand.Both effectsmeasuredirectproductioneffectsonly;thetotallinkage
effect,includingall indirecteffects,canbemeasuredby thetraditionalLeontief
inverse.3
Thepotentiallinkagegenerationof thedifferentsectorscannowbeusedto
ranksectorsinorderofpriority.In termsofdevelopmentstrategy,highestpriorityis
assignedto thosesectorshavingbothhighbackwardandhighforwardlinkages.In
Hirschman'sview,concentratingon thesesectorswill deliberatelyCausesomeim-
balancein theeconomy,whichservestounderlinetheinvestmentopportunitiesfor
businessmen.In thisway,potentialsavingsmightbemobilizedandchanneledinto
investment,decision-makingabilitywilldevelopinalearningprocess,andgrowthwill
be stimulatedby breakingbottle-neckscreatedby supplyshortages('unbalanced
growth'). .
A comparisonofHirschman'sconceptofsectorallinkageswiththatimpliedby
thesemi-input-outp~tmethod,viz.thecomplementarybunchesof activities,hows
severalmajordifferences.For newactivitiesthesectorallinkagesasdefmedby
Hirschmansuggestpotentialinvestmentopportunitiesbasedonthetechnicalcharac-
teristicsof theproductionprocesses.However,totheextenthatgoodscanonlybe
suppliedomestically,asin thecaseof nationalproducts,theproductioneffectson
the nationalsectorsareunavoidableandcompulsory,a phenomenonclearlyput
forwardby thesemi-input-outputmethod.In viewof thecontinuousdifficulties
in keepingthesupplyof nationalgoodsin linewithdemandin mostdeveloping
(currentand capital)inputs 1/D into internationalsectore. In theusualinput-,e
output fashion, the latter are augmentedby indirectproductioneffects
causedby interdependenciesamongthenationalsectorsasshownby theinverse
(~D - HDD)- 1. Forthecalculationof thecumulativeproductioneffects,onlythe
nationalpartof therelevantinput~outputmatrixisthusused,hencethenameof the
methodassemi-input-outputmethod.
In principle,noindirectproductioneffectscomparableto thosein thenational
sectorsoccur in the internationalsectorsbecausetheir interdependenciesn
productionarebrokenby thepossibilityof internationaltrade.Asshownineq.(4),
any effectof a plannedcapacityexpansionin an internationalsector(directly
throughsub-matrixH orindirectlythroughtheeffectsonthenationalpartof theFF
economyasindicatedby sub-matrixH ) onthedemandfor otherinternationalFD
goodscanbemetbeeitherincreasedproductionorimports.Duetothetradeability
of internationalgoods,capacityexpansionsin theinternationalsectorscantherefore
beconsideredindependentlyof eachother.At thesametime,however,nocapacity
expansionin an internationalsectorcanbeconsideredin isolationbecauseof its
complementaryeffectsonthenationalsectors.As shownbyvector1/ , thelatter
aregenerallyspecificfor eachinternationalsectorand,togetherwRli theinter-
nationalcapacityexpansion,makeupwhatcanbecalledabunchof complementary
activities.
Oneof the ip1plicationsof the methodjust mentioned,viz. thattheexpansion
of productionof the nationalsectorsshouldbe in proportionto theexpansionof
demandfor their products,exactlycorrespondswith Nurkse'sconceptof 'balanced
3In the symbolsof this section,whereA standsfor thefull matrixof technicalinput-
outputcoefficients,(I-A) -1 is definedastheLeontiefinverse.
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countries(construction,electricity,water,transport,education),the necessary
investmentto increaseproductivecapacityin thosesectorshouldbeplannedwellin
advanceinordertobalancesupplyanddemand.
On the otherhand,the potentialproductioneffectson the international
sectors,indicatingpossibleinvestmentopportunities,canberathermisleadingwith
respecto theefficientallocationof resources.In viewof a country'sprevailing
relativescarcities,it canbeefficiento avoidanumberofbackwardlinkagesandto
importthetechnicallynecessaryinputsinstead(thoughtheactualtariffstructure
mightencouragedomesticproductionsothatprivateandsocialprofitabilitymaybe
conflicting).In addition,productionexpansionsin an internationalsectorshould
not onlybec~msideredif domesticdemandincreases,thepossibilityof exporting
goodsshouldalsobetakenintoaccount.Hence,acountry'scomparativeadvantage
in foreigntradebasedonthecorrespondingcomplementarybunchesof activities,not
the input-outputlinkagesbetweeninternationalsectors,shoulddeterminetheir
expansion.
specializationatthesectoralleveloccurs,theproblemofsectoralexpansionsstillreo
mainsto besolved.Extendingthemethodintoamorecomprehensiveoneenabling
anexplanationof changesin capacityin theinternationalsectorsthemselvesinevit-
ably resultsin the constructionof conventionalinput-outputor programming
models.
Althoughthe inabilityto determinechangesin thesectoralcompositionof
productionis a clearlimitationof the semi.input-outputmethod,it shouldbe
emphasizedthattheact.ualdeterminationof sectoralcapacityexpansionsi oneof
the mostdemandingexercisesin theplanningprocessfor which,at thelevelof
disaggregationusuallyrequired,nosingletechniquecanclaimto givea satisfactory
answeryet.Becausesemi-input-outputis lesscomprehensivethaneconomy-wide
modelsandrelativelysimpleto apply,themethodcanbeusedat a highlevelof
disaggregatione ablingtheidentificationandappraisalof a largenumberof indust-
riesat thethree- or four-digitlevelin whicha countrymighthavea comparative
advantage.
N. APPLICATIONSAT THE SECTORALSTAGE EstimationofComplementaryEffects
To explaintheestimotionof complementaryeffects,anumericalexamplewill
bepresentedin whichthedirectandindirecteffectsaccordingtosemi-input-output
andtraditionalinput-outputanalysisarecalculated.Thevariouseffectsof aunit
capacityexpansionin sectorj will bedenotedby ageneralsymbol{3..Thedirect
effectof a unit capacityexpansionx in internationalsectoreon inJestment,em.
ployment,valueadded,profits,etc.isethengivenby{3. Withthesemi-input-output
method,theindirectproductioneffectsx areconf~edtothenationalsectorsand
thetotaleffectofacomplementarybuncIPoefactivitiescanbewrittenas(seeeq.(7))
Thesignificanceof thesemi-input-outputmethodforplanningpurposes,both
at thesectorandprojectstage,liesin itsabilitytopermitasystematictreatmentof
efficiencyin productionandinternationaltrade. As explainedin thepreceding
section,themethodemphasizesthat(i) therealchoicein developmentis among
internationalctivities,and(ii)eachinvestmentprojectinaninternationalsectorcan
onlybe consideredin combinationwithcomplementaryinvestmentin thenational
sectors.Thedeterminationf thecompositionof complementarybunchesof invest-
mentconnectedwitha capacityexpansionin an internationalsectorcanthusbe
consideredoneof themajorcontributionsof thesemi-input-outputIflethodat the
sectoralevelof planning.Oncethe exactcompositionof the complementary
bunchesis known,its significanceis twofold:(i) the(bunch)effectsof a sectoral
capacityexpansioncanbeproperlydetermined,and(ii) theattractivenessof ectoral
capacityexpansionscanbeestablishedby valuingbenefitandcostitemsamongthe
(bunch)effects,enablingtheidentificationandselectionofsectorstobeexpanded.
Asa planningmethod,semi-input-outputis husprimarilyconcernedwiththe
choiceof sectorstobedevelopedor expandedandtheselectionof projectsonthe
basisof acountry'scomparativeadvantage,Le.by specializingin thoseactivitiesin
whicha countryis ableto competein theworldmarketby exportsandimport
substitutes.For agivenselectioncriterion,thesemi-input-outputmethodcanthus
beconsideredaspecialwayof optimalinvestmentallocation.At thesectorallevel
themethodenablestherankingof internationalsectorsaccordingto a criterionof
attractiveness.It shouldbeemphasized,however,thatit doesnotsolvethequestion
of thedesiredlevelof expansionof theinternationalsectors.Unlessthesectoral
increasesin capacityarecompletelybuiltupfromindividualprojects,or complete
~ -
{3 ={3+{3, (I - H ) -1 77 ={3+{3'77e e D DD DD D,e e D D,e
where,in additionto thesymbolsdefmed,vectoriiD expressesthecumulative~ ,e
capacityeffectonthenationalsectors.Henceforth,{3willbecalledthebuncheffect.e
In traditional input-output analysis,indirecteffectsoccur in all productive
sectorsandthe comparabletotal effectof aunit increasein finaldemandfor a good
producedby sectoreamountsto
(8)
~e={3N (INN - HNN)-1 tN,e (9)
wherevectortN,eis aunitvector~iththee-thelementequaltounity.4Becauseit
includestheeffectsof allsectors{3willhenceforthbecalledthetotaleffect.Fora, e
4Withthesemi-input-outputmethod,aunit increasein finaldemandf is,by assumption,
identicalto a unit capacityexpansionx in internationalsectore. ee
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'well-behaved'matrixHNN,the inversein eq.(9) canbewrittenasanexpansionin
powersaccordingto
(I - H ) -1 =I +H +H2NN + ... =I +HNs NNN NN NN NN NN
0.1 0.3 I 0.1 0.3
(0.1) I (0.1)
A =
I
0.1 0.2 I 0.1 0
NN I
(0.1) (0.1) I (0.1)- - - - --- - - - - - - - - - - - - --
0 0.2 I 0.2 0.1
I
02 0 0 02enablingthedirectandindirecteffectstobewrittenseparatelyas
- -
[3 + [3' S
[3e - e N 7)N,e .. (10) 0
1.2
0
0.4
0
1.0
0
0.4
wherevector1]~,eis thee-thcolumnof matrixH~N"
WhenmatrixH includesimports,theeffects[3 areobviouslymaximumNN e
estimatesbecausethey includethe additionalproductioneffectsof previously
importedcommodities.Onewayto correctfor thisis to fix therelationbetween
domesticallyproducedand importedcommoditiesand to subtractcompetitive
importsfromsub-matrixH (it is assumedthatnon-competitiveimportsare
FN -d
alreadyexcluded).Thelowerestimates[3 nowreferto a situationin whichthee
domesticinput structureof productionremainsunchangeduringtheplanning
period.
A carefulcomparisonof eqs.(8) and (9) showshow semi-input-output
emergesasaspecialcaseof traditionalinput-outputanalysiswhentheassumptionis
madethatall importsanddomesticproductionof internationalsectorsareperfect
substitutesso thattheentiresub-matrixHFN vanishes.For thisassumption,the
solutionof theinversein eq.(9) becomesaspecialcaseof thegeneralmethodof
invertingamatrixbypartitioning,viz.
I
I I
FF I
I
IT--------
I
I
-H II
DFI DD
I
0 '-1
IFF
0
Figuresbetweenbracketsindicateassumedimports. The valueof thecapital
stock-flowconversionfactorh is put at 0.15. For thesakeof convenience,
coefficientsareassumedtohavebeenestimatedfrominput-outputflowsmeasuredin
actualmarketprices.Hence,thesectoralvalueaddedcoefficientsaredefinedas
cx~N= uN (INN - ANN)andthesectoralcapital-outputra iosasKN =uN
KNN' whereuNisasumvector.
Estimatesof directandindirecteffectsaccordingtoeqs.(8) and(9)for
investment,valueaddedandprofitsarepresentedinTable1.
Thedifferencein thesizeof theindirecteffectsbetweensemi-input-output
and traditionalinput-outputanalysisis clearlybroughtaboutin the lastthree
columnsof Table1, andfollows,of course,fromtheassumed.ifferencein the
structureof interindustrylinkages.Withthesemi-input-outputmethod,production
effectsof increasedemandfor internationalgoodsare,by assumption,excluded,
andindirecteffectsareinvariablysmallerthaninthecaseof traditionalinput-output
analysis.Whentotaleffectsarecalculatedonth~assumptionthatallimportleakages
havevanished,a furtherincreasein thesizeof theindirecteffects'occursasshownin
thelastcolumnof Table1.
For the calculationof indirecteffects,the majordifferencein approach
betweenLeontiefstraditionalinput-outputanalysisandTinbergen'ssemi-input-
--.
-HDD
I
I
(I - H ) -1 H I (I -H )
-1
DD DD DF DD DDI
Applyingthisspecialcaseofmatrixinversiontoeq.(9)giveseq.(8).
In the,numericalexamplefourproductivesectorsaredistinguished:sectors1
and2 produceinternationalndsectors3 and4 nationalgoods.Capitalgoodsorig-
inatein sectors2and4. Nocomplementaryimportsaredistinguished.Valueadded
consistsof wageincomeandprofits. Thematricesof technicalinput-outputco-
efficientsANN andof partialcapital-outputratiosKNN' andthe vectorsof value
addedcoefficientscxoN'of profit-outputratios~N'andof capital-outputratiosKN
aregivenas
KNN
=
I iot --- _(4L_:...-jO.8)- - - .iL
0 0 I 0 0
0.6 0.2 I 2.0 0I -'
I
[0.6
0.3
I 0.6
0.4 ]cxoN = II
I
[ 0.3
I
0.1]oN = 0.2 I 0.4I
, [ 1.8 0.6 I 3.0 0.4 ]KN = I.
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factorproportionsattheprevailingrelativescarcities.It isexactlytherecognitionof
'the fact thatthereis nevera technicalnecessityto combineoneinternational-
industryprojectwithanother'[15,p. 121],whichmakesthesemi-input-output
method ifferfromtraditionalinput-outputanalysis.
Oncethecomplementaryeffectsof a capacityexpansioni aninternational
sectorareestablishedandvalued,sectorscanberankedaccordingtotheirattractive-
nessfor agivencriterion.Formally,suchcriteriacanbederivedbyformulatingthe
semi-input-outputmethodasa programmingmodel.Dependingonthechoiceof
the objectivefunctionandthespecifiedconstraints,thevariouselectioncriteria
followfromthedualsolution.5Asthenumericalexampleshows,changesinvalueof
thedirectcriterion,ontheonehand,andof thebunchandtotalcriteriaontheother
hand,aresuchthatareversalintherankingof theinternationalsectorsoccurs.
Theestimationofbuncheffectsisconsiderablyaffectedbytradeimperfections
anddistortions.Becausethelatterimplyrestrictionsonexportandimportdemand,
but not on domesticdemand,thebehaviourof sucha "domesticallyproducing"
internationalsectormaybecomeidenticalwiththatof a nationalsector,andthe
correspondingbalancequationcanbetransferredfromeq.(4)toeq.(5). Thus,the
complementarybunchesof investmentwill changein sizeandcompositionwhen
traderestrictionsbecomebinding.Asaresult,theattractivenessof sectoralcapacity
expansionsi affectedandchangesintherankingof theinternationalsectorsaccord-
ingto a criterionof attractivenessmayoccur. In particulartheattractivenessof
thoseinternationalsectorshavingstronglinkageswiththe'domesticallyproducing'
internationalsectorcanbeexpectedto change,becauseproductionexpansionin
thosesectorswill inducedomesticdemandfor theproductsof theexport-restricted
sector.Theextentowhichsignificantrankreversalsarelikelyto occurin reality
remainsanempiricalmatter;a fullassessmentof heimportanceof tradelimitations
in thecontextof semi-input-outputanalysiscannotbemadewithoutreferenceto
empiricalresults.
TableI
DirectandIndirectEffectsof a UnitCapacityExpansionin International
Sectoreaccordingto Semi-input-outputandTraditional
Input-outputAnalysis
outputmethodthereforeliesin thedifferentreatmentof internationallytraded
intermediate(andcapital)inputs.In anopeneconomywithforeigntradein inter-
mediateinputs,theproductioneffectsof theusualinput-outputtypewilldependon
the extentto whichintermediategoodsareproducedomestically.If all inter-
mediateinputsareimported,noproductioneffectsonothersectorsoccurandthe
invertedLeontiefmatrixsimplybecomesaunitmatrix.If, on theotherhand,all
intermediategoodsareproducedomestically,maximumproductioneffectsonall
sectorsof theeconomywhicharetechnologicallyinkedwithoneanotheroccur,as
measuredbytheLeontiefinversebasedontechnicalinput-outputcoefficients.If, in
anopendevelopingeconomywithalimitedindustrialbaseandavarietyof imported
intermediateproducts,newproductiveactivitiesareestablished,theestimationof
theexpectedomesticproductioneffectswithtraditionalinput-outputechniques
becomesproblematical.
Theproblemofestimatingdirectandindirectproductioneffectsbecomeseven
morecomplicatedif resourceallocationconsiderationsderivingfromthetheoryof
comparativeadvantagesareintroduced.Theseconsiderationswillindicatethedesir-
ability of specializationi the productionof a limitednumberof intermediate
productsandtheydictateagainstthedevelopmentof domesticproductionofother
productswhichcanbetterbesuppliedfromabroad,becauseof theirunfavourable
V. APPLICATIONSAT THE PROJECf STAGE
Whereasat the sectorlevelthe choiceof sectorsto be developedandthe
volumeof sectoralexpansionsareequallyimportant,suchquestionsareof quitea
differentnatureat theprojectstage.For a largenumberof projects,theirsizeis
oftendictatedby technicalandmarketconditions;whenthequestion.of different
projectsizearises,thenumberof alternativesi usuallylimited.Exceptfor those
caseswhereeconomiesof scaleplayan importantrole,projectappraisalusually
refersto differentprojectsof agivensizeor to projectalternativesof thesamesize
whentechni~alchoiceis considered.For a givenselectioncriterion,projectsor
50ne of the criteriaso derivedcanbeshownto reflectthewell-knowndomesticresource
costcriterion.
Traditional
Sector Direct Semi-input- input-output
Effect on expanded effect oput
({J) ({3e) (iT) (iTe)e
Investment 1 1.8 2.095 2.738 4.587
(K ) 2 0.6 1.457 2.413 4.729e
Valueadded 1 0.6 0.781 1.018 1.688
(aoe)
2 0.3 0.515 0.868 1.709
Profits 1 0.3 0.357 0.473 0.838
(e) 2
0.2 0.321 0.494 0.946
Valueadded(investment 1 0.333 0.373 0.372 0.368
criterion(a /K) 2 0.500 0.354 0.360 0.361oe e
Profits/investment 1 0.167 0.170 0.173 0.183
criterion( /K ) 2 0.333 0.220 0.205 0.200e e
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projectalternativesareeitheracceptedorrejected.Asthecut-offrateforaccepting
a projectis not alwayseasyto determine,a rankingof projectsaccordingtoa cri-
terionof attractivenessi sometimespresented.Theproperestimationof project
effects,theirvaluationasbenefitsandcosts,andthefinalselectionof projectscan
thereforebeconsideredthemainelementsofprojectplanning.
Generally,projecteffectscanbeidentifiedbycomparingestimatedchangesin
theeconomycausedby aparticularprojectwithalternativechangesthatwouldhave
occurredwithoutthe proposedproject. As explainedin theprecedingsections,
amongsucheffectsarethedirecteffects- thephysicalinputsandoutputs- and
indirecteffects- thenecessarycapacityadjustmentson thesupplysidein those
verticallyrelatedstagesof productionfor whichno alternativesourceof supply
exists,i.e.thenationalindustries- togethermakingup thebuncheffectsof a
project.
Becausea projectcanbeconsideredthesmallesttechnicallyindependentunit
of production,theidentificationof effectsof a capacityexpansionattheproject
stagediffersfromthatat thesectorstagein anumberof respects.At theproject
level,thelife-timeof capacityexpansionsi explicitlytakenintoaccount.Partly
relatedto it istheexplicitdistinctionbetweentheinvestmentorconstructionperiod
andtheoperationperiod,implyingthecalculationof twokindsof projecteffects:
onereferringto investmentactivitiesandtheothertooperatingorcurrentactivities.
In manycases,first-orderandsometimeshigher-ordercapitalinputs,currentinputs,
andoutputsareproject-specific,andcanthereforeonlybeproperlyidentifiedatthe
microlevel. Directsubstitutionthroughthechoiceof techniquescanonlybere-
alisedthroughtheimplementationf newprojects.Theprojectstageis therefore
particularlysuitedfortheidentificationofalternativet chniques.
Underanumberof simplifyingassumptions,thecompositionofcomplement-
arybunchesfor projecteffectscanbederivedin awaysimilarto thatatthesector
level.Thereare,however,someinterestingdifferences.At theprojectlevel,the
explicitdistinctionbetweentheconstructionandoperationperiodimpliesacorre-
spondingdistinctionbetweenthecomplementaryindirecteffects.Thisdistinctionis
especiallyrelevantwithrespectto thelengthof theoperationperiod.Thedefinition
of directcapitalandcurrentinputrequirementsa project-specificpermitsadistinc-
tionbetweeninternationalsectorsand commoditiesaswellastheidentificationof
differentechniquestoproduceaspecificgood.
Apartfromtheidentificationof projecteffects,thesemi-input-outputmethod
hasparticular-relevancefor thevalUlltionof effects,notablythe estimationof
accountingpricesfornational,non-tradeableproducts.Assumingthat(i) sufficient
input-outputdataexpressedin termsofproducer'spricesareavailable,and(ii) inter-
nationalgoodsarevaluedatthedomesticurrencyequivalentof theirbordervaluein
orderto reflectworldmarketconditions,thefollowingsimplepricemodelfor the
determlllationfaccountingpricesfornationalgoodscanbeformulated.
p'=u'(I +" )
-1
F F FF 7"f . . (11)
'- 'A* + 'A* +Aw'+ (p'K* + p ' K* )p
"
PF - PF FF PDt DF F F FF D DF F . . (12)
p'=p' A* + p'A* +Aw'+(p'K* +p'K* ) p
"
D F --PD D DD D F uFD D uDD D . . (13)
where,inadditionto thesymbolsdefined,
PN vectorof N commodityaccountingprices,partitionedintosub-
vectorsp andp ,F D
7"
F vectorof nominaladvaloremtariffor tariff-equivalentratesonF
internationalgoods,
WN vectorofsectoralunitlabourcostcoefficients,partitioned,
A accountingwagerate,and
PN vectorof sectoralaccountingvaluesfor capitalrecoveryrates,
partitioned.
Asterisks(*) indicatecoefficientswhicharemeasuredin theunitypricesof the
initialinput-outputdata(inwhichvolumeunitshavebeenredefinedin suchaway
thatall commoditymarketpricesequalunity). Consequently,theelementsof
matricesA* andK * assumethesamevaluewhenmeasuredinvolumeandvalue
-"N~ NN
units.A hatt -) convertsavectorintoitscorrespondingdiagonalmatrix.
Eq. (11)showsthattheborderpriceof internationalgoodsiscomputedfrom
thedomesticproducer'spriceby correctingfor theimport(export)tariffor tariff-
equivalent.In theabsenceof tradedistortions,theaccountingpriceforinternational
goodsis thereforesimplyone;when subjectto import(export)tariffs,the
accountingpriceis less(more)thanone. Alternatively,accountingpricesfor inter-
nationalgoodscouldhavebeendeterminedby correctingtherelevantc.iJ. orf.o.b.
borderpricein domesticurrencyfor transportandtrademarginsat accounting
prices.Eqs.(12)and(13)areconventionalinput-outputprice-fIxequationssaying
that theaccountingpriceof a commoditycanbebuiltup fromthevariouscost
componentsper unit of outputvaluedat accountingprices. Labourcostsare
measuredusinga uniformaccountingwageratefor allsectors.Capitalcostsreflect
servicesof thevariouscapitalgoodsrequiredfor theproductionof a particular
commodity;theyaremeasuredusingsectoralcapitalrecoveryrateswhichareapplied
indiscriminatelytoalltypesofcapital.goodswithinonesector.
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Formulatedin thisway,thepricemodelhasD+ 1degreesof freedom,necessi-
tatingadditionalssumptionstoobtainadeterminatesolution.First,equalizationof
therateof returnto capitalin thenationalsectorscanbeassumedby implication
accordingtothefollowingD- 1independentconditions:
PD = pIDD (14)
As theaccountingpricesfor internationalgoodsfollowdirectlyfromeq.(11),or
fromanalternativeapproach,theycanbeconsideredindependentof therestof the
model.Pricesfor nationalgoodscanbefoundbysolvingeq.(13)in termsof PF and
theremainingunknownsAandPgiving:
~ =(p H* +AW') (I -H* ) -1'U F FD D DD DD (15)
wherematrixH~N = A~N + ~N"6 Priceeq.(IS) nowexpressestheaccount-
ingpriceof thenationalgoodsasthesumof thesemi-cumulative(directandindirect)
unitcostof internationalgoodsatborderpricesandof labourvaluedattheaccount-
ingwage.In bothexpressionsallowancehasbeenmadeforthecostofusingcapital
servicesin production.Characteristically,indirectcostsreferto nationalproducts
only. Eq. (15)canbesolvedoncetheaccountingwagerateAandcapitalrecovery
rateP areknown.Thevectorof (non-uniform)capitalrecoveryratesin theinter-
nationalsectorsPF followsresiduallyfromeq.(12).Whenthepricemodelisclosed
withrespecto thenon-tradeableprimaryfactorlabour,andtherateof returnto
capitalasimpliedby thevalueof thecapitalrecoveryfactorPequalstheaccounting
rate of interest(ARI), themodelcoincideswith theLittle-Mirrleesmethodof
calculatingaccountingpricesfornon-tradeablegoods:theirpricecanbeexpressedin
termsof tradeablesandlabour.
Whennodataonthedistributionof valueaddedareavailable,theexpressions
for labourandcapitalcostsin eqs.(12) and(13)canbereplacedby a general
expressionfor sectoralvalueadded1T~N&:N" Vector1ToN actsasavectorofprice
indiceswith respecto valueadded(whencommoditiesaremeasuredin market
pricestheelements1T. = 1),andiscloselyrelatedtomeasuresofeffectiveprotec-OJ
tion. In thiscase,D additionalassumptionsmustbemadeto obtainasolutionfor
theaccountingpricesof nationalgoods?
6Whennew investmentis concentratedin oneyearandannualnetbenefitsarc constant
during the operation period, P and h can, under certainassumptions,be shown to be
identicalconcepts.
7Thealternativewaysof dealingwithnon-tradeablegoodsin thetheoryof protectionand
theirrelationto thesemi-input-outputmethodarediscussedin tenKate [5].
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Selectionof Projects
To illustratetheactualselectionof projects,thedataof theprecedingsection
will beused. For thesakeof convenienceit is assumedthat(1) investmentcosts
areconcentratedin oneyear,(2)annualnetbenefitsareconstantduringtheopera-
tionperiod,and(3) allcapacityexpansionshaveanequalife-time.Consequently,
the selectioncriteriacansimplybeformulatedasannualnetbenefits/investment
costratios.First,theattractivenessof aprojectininternationalsectors1and2will
beconsideredatfI1ilrketprices(Table2).
Thenationalor socialgainof projectsin sectors1and2canbethoughtobe
measuredby the valueaddedcriterionindicatingtheproject'scontributionto
nationalincome.Valueaddedcoincideswithsocialincomeunderwell-knowncondi-
tions:accountingpricesforcommoditiesqualmarketpricesandforprimaryfactors
otherthancapitalequalzero(implying,amongotherthings,thatthefull wagebill
is eliminatedasa cost). Thedirectprofitcriterionmeasurestheprivategainof a
projectfollowingtraditionalfinancialanalysis:outputs,commodityinputs,and
primaryfactorsotherthancapitalarevaluedattheiractualmarketprices.Under
anothersetof well-knownconditions,theprofit criterionmeasuresthegainto
society:all profitsarereinvested,wagesarefullyconsumed,andnovalueisattached
to extraconsumption.A comparisonof thevaluesforthedifferentcriteriainTable
2 showsthat theranking,andhencethe selectionof projectsdependson the
criterionused. As a result,differentcriteriamightentaildifferentinvestment
programmes.
Table2
ProjectAppraisalatMarketPrices
Projecteffects
perunitofoutput
Selectioncriteria Valuation
Pro-
ject
in
sec-
tor
1
2
3
4
Annual Costs Direct Bunch
benefits
Value Pro- InvestmentValue Profits Value ProfitsCommodity
added fits added added prices*
(() () (a*./) (j/j) ca*./)«/Rp (p.)(a .)0 J J J oj J OJ J J J
0.6 0.3 1.8 0.333 0.167 0.373 0.170 1.0
0.3 0.2 0.6 0.500 0.333 0.354 0.218 1.0
0.6 0.4 3.0 0.200 0.133 - - 1.0
0.4 0.1 0.4 1.000 0.250 - - 1.0
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Table3 showstheeffectonannualbenefits,costsandselectioncriteriawhen
accountinginsteadof marketpricesareused. Thesystemof accountingpricesis
basedonthepricemodelpresentedabove.All projecteffectshavebeenrevaluedat
accountingpricesandareindicatedbysymbolswithoutasterisks.
rate(seeTable3 wheretheARI equalizationassumptionshowsup in a cut-off
capitalrecoveryrateP =0.15).
Summarizing,the followingconclusionscanbe drawnfrom theexamples
presentedabove.Rankreversalswhichoccur~henusingbunchinsteadof direct
criteriaillustratetheimportanceof indirecteffectsfortheappraisalndselectionof
projects.Rankreversalswhichoccurwhenusingaccountinginsteadof marketprices
emphasizethesignificanceforaproject'sattractivenessrelativetothatofothers,and
hencefor itsselection.Giventhevariousmethodsofdeterminingaccountingprices,
theuseof bunchselectioncriteriabecomesmandatorywherethederivationofapar-
ticularsetof accountingpricesdoesnotassumeanequalizationof therateof return
to capitalin thenationalsectorsto theaccountingrateof interest.Whensuchan
equalizationis assumed,as in the Little-Mirrleesmethod,thereis no needto
calculatecomplementaryindirecteffectsas far as the selectionof. projectsis
concerned.9
VI. EMPIRICALAPPLICATIONSTO NIGERIA
71 = 0.250,72= 0.667,A = 0.680,P = h = 0.150
In a casestudyfor Nigeria,thesemi-input-outputmethodhasbeenapplied
empiricallyto 106sectors:4 primarysectors,50existingmanufacturingsub-sectors,
48 newmanufacturingactivities,mainlyon a commoditybasisandderivedfrom
projectdata,and4 nationalsectors.Dataon themanufacturingsub-sectorsare
partlyavailableonthebasisof theannualIndustrialSurveyofNigeria,otherdata
areobtainedfromnationalaccountsandupdatedinput-outputstatistics.On the
whole,theestimatedparameterscanbethoughto reflectheprevailingeconomic
situationinNigeriaintheearly1970's.
The empiricalapplicationhasspecialrelevancefor two problemsdiscussed
earlier:(a)theeffectof tradelimitationsontheselectionofsectorsandprojects,and
(b) the differenteffectof usingmarketandaccountingpriceson investment
appraisa1.Thebasicframeworkfor theapplicationof themethodis themodelde-
scribedin section3 anditsextensionsin thetwosubsequentsections;in additien,
thefollowingrefinementsareadded.
1. Importsaredifferentiatedintocompetitiveandnon-competitiveimports.
2. Capitalinvestmentis differentiatedinto fixed capitalformationand
changesin workingcapitalto financeinventoriesof differentkinds(raw
materials,enti-finished,andfinishedproducts).
3. Annualbenefitsareexpressedalternativelyasvalueadded(marketvalueof
outputsminusnon-primaryinputs),socialincome(accountingvalueQf
outputsminusnon-primaryinputs),netprofits(valueadded"minusthe
sumof themarketvalueof labourcostanddepreciation),andnetsocial
Becausethewagebill valuedat accountingpricesis nowconsideredasocialcost,
benefitsrepresent~ocialprofitratherthansocialincomein theterminologyofLittle-
Mirrlees.It is thereforeinterestingto comparetheanalysisof projects1and2 in
termsofsocialprofitsinTable3withthefinancialanalysisin termsofprivateprofits
in Table2. Not only do benefitsandcostsdifferconsiderably,therankingof
projects1and2 is differentooandanaltogetherdifferentinvestmentprogramme
islikelytoresult.
Someinterestingconsequenceswithrespecto theselectionof projectsarise
whenrate of returnequalizationin the nationalsectorsis imposed,and the
correspondingvalueequalsthe(cut-off)accountingrateof interest.8In thiscase
theselection.of projectsbecomesindependentof linkagesbetweeni ternationalnd
nationalsectors,becausethebunchcriterionfor aprojectin aninternationalsector
is simplyaweightedaverageof itsdirectcriterionandtheARI (whichappliestoall
nationalsectors).Oncethedirectcriterionvaluedatthisparticularsetofaccounting
pricesofaprojectexceeds(fallsshortof)theARI, thecorrespondingbunchcriterion
alsoexceeds(fallsshortof) theARI andprojectscanbeappraisedin isolation,asis
therulein conventionalprojectanalysis.Rankreversalsmaystilloccur,butonly
withinthetwosubgroupsof projectswithdirectcriteriaboveorbelowthecut-off
81amindebtedto Dr. P.G.Harefor suggestingsomeof theimplicationswith regardto the
Little-Mirrleesmethod. 9A differentinterpretationof thecorrespondencebetweensemi-input-outputandLittle-MirrleeshasrecentlybeenproposedbyBell.andDevarajan[2] .
Table3
ProjectAppraisalatAccountingPrices
Pro- Annualbenefits Costs Selectioncriteria Valuation
ject
in Social Investment Direct Bunch Commodity
sec- profit price
tor (n (l'q (./K) (f./r;:.) (p.)J J J J J J J
1 0.3977 1.417 0.281 0.262 0.8
2 0.0480 0.630 0.076 0.120 0.6
3 0.4145 0.764 0.150 0.716
4 0.0522 0.348 0.150 - 0.689
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profits(socialincomeminusthesumof theaccountingvalueof labour
costanddepreciation). .
4. Selectioncriteriatoappraisetheattractivenessof acapacityexpansioni
anexistingor newsectorelateannualbenefitsto thetotalcapitalinvest-
ment(seeTables2and3).
5. Fot the 50 existingmanufacturingsub-sectors,annualbenefitsareex-
pressedin termsof net(social)profitsandvalueadded(socialincome).
Dueto lackof dataon thedistributionof valueaddedoverlabourand
non-labourcomponents,annualbenefitsfor the48newactivities,the4
primarysectorsandthe4 nationalsectorsarein termsof valueadded
(socialincome)only.
6. Whena traderestrictionis imposedonthebestinternationalsectorin the
absenceof tradelimitations(firstrun),thissectorbecomesa"domestical-
ly producing"internationalsectorandis addedto the4 nationalsectors.
Thebunchvalueaddedcriterionfor theremaining101internationalsec-
torsis computedagainwith6 sectorsincludedin thebunch:lout of the
101remaininginternationalsectors,4 nationalsectors,and1"domestical-
ly producing"internationalsector(secondrun). Therankingof theun-
restrictedinternationalsectorsafterthefirstandsecondrunscannowbe
comparedto find outwhethertherankingof oneor moresectorshas
improvedasa resultof restrictingtradeopportunitiesfor thebestinter-
nationalsectorin thefirstrun. Thesameprocedurecanberepeatedfor
the thirdandsubsequentrunsuntil a maximumof 102(= F) runsis
reached.
7. For thepurposeof investmentappraisaltaccountingprices,allstructural
coefficients,derivedfromdataexpressedin actualmarketprices,mustbe
r~valuedat accountingprices.Thisrequirestheestimation.of relevant
accountingpriceratios(ratioofaccountingtomarketprices)forcommod-
itiesandprimaryfactorsof production.A summaryof theestimated
accountingpriceratiosisincludedinTable4.
The aggregaterateof effectiveprotectionfor theNigerianeconomyamountsto
about5 percent,which,by assumption,is imposedon the nationalsectors
((1.00 - 0.95)/1.00 = 0.05). This figureappearsreasonablefor an economy
dominatedby unprotectedprimaryactivities.As a result,theeffectiverateof
protectionof theseactivitiesi thereforeslightlynegative.In contrast,theaverage
figuresforthe50existingmanufacturingsectorshowthatonthewholemanufactur-
ingappearsheavilyprotected.For anestimatedaveragenominalprotectiverateof
65 percent,theaverageffectiverateof protectionequals52percentaccordingto
theU-measure,Le.,108percentaccordingto theZ-measure.10Thewayinwhich
the48 newactivitiesareassumedto berecordedimpliesthatthoseactivitiesusing
domesticallyproducedintermediateinputsarenegativelyprotected.
Table 4
SelectedAccountingPriceRatios,Nigeria,early1970s
Title Commodities,
primaryfactors
Valueadded
Primarysectors(averageof4)
Manufacturingsub-sectors
(averageof 50)
Newactivitiesinmanufacturing
(averageof48)
Nationalsectors(averageof4)
Non-competitiveimports
Labour
Land
1.00 1.02
0.60 0.48
1.00
0.92
1.00or0.70
0.50
0.90
0.95
VII. RESULTS
Someof theresultsof thecomputationsforthe50existingmanufacturingsub-
sectors,the4 primarysectorsandthe48 newindustrialactivitiesaresummarized
below.ll
Analysisof 50ExistingManufacturing
Sub-sectorsatMarketPrices
For theexistingmanufacturingsectorsthreedifferentcriteriaofattractiveness
areapplied:directnetprofit,directvalueadded,andbunchvalueaddedtocapital.
A comparisonof thesectorankingsaccordingtothethreedifferentcriteriashowsin
severalcasesinterestingchangesin asector'sorderof rank,althoughtheSpearman
rank correlationcoefficientbetweenthedifferentrankingsis fairlyhigh:0.8963
betweenthedirectnetprofitanddirectvalueaddedcriterionand0.9621between
the directand bunchvalueaddedcriterion.12As to the profitabilityof the
manufacturingsub-sectors,for a cut-offrateof netprofittocapitalof 15%,13out
of 50sectorsaresub-marginal;foracut-offrateof20%thenumberofsub-marginal
sectorsincreasesto23.
Analysisofall102InternationalSectorsat
MarketPricesandUnderTradeRestrictions
Becauseof datalimitationsonlyvalueaddedcriteriaareused.As 3 of the4
primaryactivities(agriculture;livestockandforestry;fishing;oil mining)arehighly
101.00/1.65;;; 0.60;(1.00-0.48)1.00;;; 0.52;(1.00- 0.48)/0.48;;;1.08.
llFor a moredetailedanalysis,seeKuyvenhoven[7,Chap.71and [8].
12As the differentcriteriaof attractivenessemployeddo not necessarilyimplya complete
reversalof the sectors'attractiveness,relativelyhighvaluesfor theSpearmanrankcorrelationco-
efficientneednot besurprising.This appliesin particularto the differencein rankingbetween
directandbunchcriteria,becauseonly4 nationalsectorsaredistinguished.
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manufacturingactivitiesandthe4 primarysectorshowanincreaseinrelativeattrac-
tivenesswhenmeasuredin accountinginsteadof marketprices,a resultconsistent
withthenegativeratesof effectiveprotectionrecordedfor thosesectors.Asto the
behaviourof sub-marginalsectors,atmarketprices13outof 50existin~manufac-
turingsub-sectorsand24outof 48newindustrialactivitiescanbeconsideredsub-
marginal.At accountingprices,however,26outof50existingand17outof48new
activitiesin manufacturingappearsub-marginal.Thisdifferencefor newactivities
clearlyillustratestheeffectof appraisingunprotectednewprojectsusingdomestic
inputsproducedunderprotection.
Theoutcomeof thiscasestudybearsdirectrelevancetotheNigerianeconomy.
It confIrmsthata largenumberof manufacturingsub-sectorsareheavilyprotected
andnot competitivewith imports.Thisappliesin particularto variousconsumer
goodsindustries.Manyintermediateandmechanicalgoodsindustries,however,
appearfairly attractive,justifyinga furtherdiversificationof the consumer-
goods-dominatedNigerianmanufacturingsector.Becauseratesof protectionvary
, considerablyamongmanufacturingsub-sectors,andprimaryactivitiesaswellas
severalprocessingindustriesusinglocalrawmaterialsarenotprotectedornegatively
protected,a sector'sattractivenessatmarketpriceshas,in manycases,littleto do
with the actualbenefitsandcoststo society. In sucha situation,investment
appraisalat accountingpricesbecomesindisptmsablefor a properallocationof
resources.
attractive,substantialchangesin the attractivenessof otherinternationalsectors
occurwhentraderestrictionsareimposedon thethreeprimarysectors.This is
particularlytrueof theagriculturalsector,whichis amajorsupplierof averietyof
inputsto some25processingindustries.Thus,whena traderestrictionis imposed
on the agriculturalsector,so that it becomesa "domesticallyproducing"inter
nationalsectorandis addedthebunchof nationalandotherdomesticallyproducing
sectors,almostall food,beverages,tobaccoandotheragro-processingindustries
showmarkedincreasesintheirattractiveness.Insofarasthefavourableattractiveness
of the agriculturalsectorreflectsthe local availabilityof relativelycheapraw
materialsfor whichexportpossibilitiesarelimited,theinclusionof theagricultural
sectorin the bunchimprovesthe expalanatoryvalueof thesemi-input-output
methodconsiderably.The.SpearmanrankcorrelationcoeffIcient,being0.9809
betweenthedirectandbunchvalueaddedcriterion,decreasesto0.9206afteragri-
cu1tureisincludedinthebunch.
Analysisof 50ExistingManufacturing
Sub-sector~atAccountingPrices
In additionto the threecriterianetsocialprofit,directsocialincomeand
bunchsocialincometo capital,impliedratesof effectiveprotectionareobtained.
Bothnominalandeffectiveprotectionappearstovarywi~elyamongthemanufactur-
ingsub-sectors,andacomparisonwiththeresultsatmarketpriceshowsanumber
of interestingdifferences.First,for a largenumbel;ofsectorstherelativeattractive-
nessataccountingpricesincreases(decreases)substantiallybecauseof a low(high)
degreeof protectiononvalueaddedatmarketprices(theSpearmanrankcorrelation
coefficientsbetweenetprofitabilityandnetsocialprofitability,directvalueadded
and directsocialincome,andbunchvalueaddedandbunchsocialincomeare
0.5581,0.5352,and0.6143,respectively).Second,differencesinasector'sorderof
rankasbetweendifferentcriteriaof attractivenessaremorepronouncedatmarket
thanat accountingprices(theSpearmanrankcorrelationcoeffIcientsbetweenet
socialprofItanddirectsocialincome,andbetweendirectandbunchsocialincome
are0.9801,and0.9885,respectively).Third,thehighlevelof protectionin manu-
facturingcanbeillustratedbythehighnumberof sub-marginalsectorsataccounting
prices:roughlytwiceasmuchasthenumberatmarketpriceswhenacut-offrateof
15%is used;the differencerefersin particularto consumergoodsandbuilding
materialsindustries.Fourth,anumberoflabour-intensiveindustrieswhicharesub.
marginaltmarketpricesarenotsoataccountingprices.
Analysisofall102International
SectorsatAccountingPrices
Similardifferencesas in thecaseof the50 manufacturingsub-sectorsare
observedwhen the.analysisis extendedto all sectors. Almostall 48 new
1.
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